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Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S247ĂConclusions: The results support the hypothesis; strain distribution
throughout the fascicles was complex and heterogeneous, with small local
strains in the direction of applied strain, but large compressive strains
perpendicular to the loading axis. Strain appears to be dissipated
throughout the matrix by a combination of ﬁbre extension and sliding.
Rotation of the samples also occurred, suggesting a helical organisation to
the fascicle structure; this may enable more efﬁcient extension and recoil.
These data suggest that, while the cells within tendon fascicles experience
tensile strains much smaller than the applied strain, they are also sub-
jected to shear and compressive strains. The decrease in compressive
strain and rotation with increasing horse age may be due to changes in
matrix organisation, and may signiﬁcantly alter the local strains experi-
enced by the cells. Decreased rotation with ageing also indicates some loss
of the ability to recoil efﬁciently. These ageing changes may result in
altered cell andmechanical responses to loading which could contribute to
the increased risk of SDFT injury with ageing.
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TRANSPLANTATION OF ACHILLES TENDON TREATED WITH BMP-7
PROMOTED MENISCUS REGENERATION IN A RAT MASSIVE MENISCUS
DEFECT MODEL
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Purpose: To preserve meniscus function, various meniscal substitutions
such as meniscal allograft, collagen meniscus implant, and artiﬁcial
materials have been tried in animal experiments or clinical studies.
Transplantation of tendon is also one of possible treatments. BMP-7 is
known to induce cartilage formation. Here we investigated the effect of
BMP-7 on ectopic cartilage formation of tendon and outcome of trans-
plantation of Achilles tendon treated with BMP-7 in a rat massive
meniscus defect model.
Methods: (Study 1) Ectopic cartilage formation of tendon. After exposure
of Achilles tendon in rats, 1mg of BMP-7 was injected into the tendon
located anatomically. The tendonwas evaluated histologically at 2, 3, and 4
weeks after the injection. (Study 2) Transplantation of Achilles tendon
treated with BMP-7 for meniscal defect in a rat model. Untreated Achilles
tendon was harvested and 1mg BMP-7 was injected. After anterior half of
medial meniscus was resected, tendon treated with BMP-7 was trans-
planted into the meniscal defect. The rats were sacriﬁced at 4, 8 and 12
weeks after the surgery. As control groups, transplantation of Achilles
tendon untreated with BMP-7 or only meniscectomy were performed.
(Study 3) Analysis of cell kinetic. Achilles tendon derived from LacZ
expressing rats were transplanted into meniscal defect of the wild rats.
Results: (Study 1) Injection of BMP-7 into Achilles tendon induced chon-
drocyte differentiation of tendon cells at two weeks. The number of
chondrocytes evaluated with safranin-o staining, and type II collagen
immunostaining, increased at 3 and 4 weeks. (Study 2) Macroscopically,
transplantation of Achilles tendon irrespective of treatment of BMP-7
promoted meniscus regeneration. Microscopically, matrix of regenerated
meniscus was already greater stained with safranin-o and type II collagenat 4 weeks and the meniscus became close to native meniscus at 12 weeks
in the BMP-7 treated tendon transplantation group. Quantiﬁcational
analyses demonstrated that the size of meniscus, histological score for
regenerated meniscus, and histological score for articular cartilage were
better in the BMP-7 treated tendon transplantation group than in other
two groups (p<0.05; n¼6). (Study 3) When LacZ expressing Achilles
tendon was transplanted, LacZ positive cells were detected within the
transplanted tendon tissue.
Conclusions: BMP-7 induced ectopic cartilage formation of tendon and
transplantation of Achilles tendon treated with BMP-7 promotedmeniscus
regeneration and prevented cartilage degeneration in a rat massive
meniscus defect model. Native cells in the Achilles tendon contributed to
meniscal regeneration in this model.
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Purpose: To elucidate the chondrogenic, inﬂammatory, and ﬁbrotic
differentiation process in the pathogenesis of idiopathic frozen shoulders.
Methods: The protocols of this study were approved by both institutional
review boards of Funabashi Orthopaedic Clinic and Tohoku University.
From July 2007 to June 2009, we performed arthroscopic capsular release
in 12 patients with idiopathic frozen shoulders, whose condition had failed
to improve or had deteriorated after 6-months of conservative treatment.
As a control group,16 patients with rotator cuff tears without limited range
of motion were selected. The difference of age distribution between these
two groups was not statistically signiﬁcant. Biopsy materials from the
rotator interval capsule, middle glenohumeral ligament (MGHL), and
inferior glenohumeral ligament (IGHL) were obtained during arthroscopic
surgery. The number of cells was counted and the tissue elasticity of the
samples was calculated by scanning acoustic microscopy (SAM). The
amount of glycosaminoglycan content was assessed by alcian blue stain-
ing. Mast cells were stained with toluidine blue. Gene and protein
expressions related to chodrogenesis, inﬂammation, and ﬁbrosis were
analyzed by quantitative polymerase chain reaction (qPCR), in situ
hybridization (ISH), and immunohistochemistry (IHC). Furthermore, the
total genes of the two groups were compared by DNA microarray analysis.
SAM images of IGHL were compared with IHC of collagen type I and alcian
blue staining and Pearson's product-moment correlation coefﬁcient was
calculated.
Results: The collagen bundles were dense with less space in idiopathic
frozen shoulders, but the bundles were sparse and well-organized in
shoulders with rotator cuff tears. Though the number of cells was signif-
icantly higher in idiopathic frozen shoulders, there were few cells
expressing immunoreactivity of Ki-67 in both groups. The capsular tissue
was signiﬁcantly stiffer in idiopathic frozen shoulders by SAM. Staining
intensity of alcian blue was signiﬁcantly stronger in idiopathic frozen
shoulders. Gene expressions related to ﬁbrosis (COL1A1, COL3A1, PDGFB,
a-SMA, and Substance P), inﬂammation (IL-1b), and chondrogenesis
(ACAN, COL2A1, COLXA1, FOS, and FOSB) were signiﬁcantly higher in
idiopathic frozen shoulders by qPCR. Gene expression of TIMP-1 was
signiﬁcantly lower in idiopathic frozen shoulders. However, the expres-
sions related to ﬁbrosis (TGF-b, CTGF, PDGFA, HGF, MMP-1, 2, 3, and 9,
TIMP-2 and 3), inﬂammation (TNF-a), and chondrogenesis (SOX9,
ADAMTS4 and 5) were not changed in both groups. Fibroblast-like cells
expressed ACAN signals in idiopathic frozen shoulders by ISH. Immuno-
reactivity of collagen type I and vimentin was stronger in idiopathic frozen
shoulders. Immunoreactivity of a-SMA was not detected in ﬁbroblast-like
cells, but was detected in blood vessels in both groups. Comparing gray
scale images of SAM, high sound speed area or low sound speed area did
not correspond with any images in IHC of collagen type I and alcian blue
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in all the images. Gene expression of 33 genes was signiﬁcantly higher and
that of 11 genes was signiﬁcantly lower by DNA microarray analysis.
Notably, ﬁbrotic factors such as COL1A1, chondrogenic factors such as FOS,
FOSB, ACAN, and COL10A1, and angiogenic factors such as CYR61were
signiﬁcantly higher in idiopathic frozen shoulders.
Conclusions: In addition to ﬁbrosis and inﬂammation, which used to be
considered the main pathology of frozen shoulders, chondrogenesis is
likely to have a critical role in pathogenesis of idiopathic frozen shoulders.
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Purpose: Since meniscus tears in the peripheral vascularized region can be
successfully repaired compared to the inner avascularized region, we
hypothesized that the repair is mediated by not only blood supply but also
by vascular-derived cells, that have been reported to be associated with
adult-derived stem cells, including muscle-derived stem cells. The purpose
of this study was to identify the characterization of meniscus-derived
vascular stem cells.
Methods: Sample: Lateral menisci were harvested from subjects under-
going total knee arthroplasty. Immunohistochemical staining: Menisci
were immnostained for CD34 (endotherial cell marker) and CD146 (peri-
cyte marker). Cell isolation and characterization: Menisci were separated
into 2 regions, the peripheral one third and the inner two thirds, and then
digested with collagenase. Themeniscus cells were characterized and then
were sorted by ﬂow cytometry for expression of CD34 and CD146. CD146
positive cells did not expand well, so leaving CD34 positive cells from the
peripheral(P34) and inner(I34) were tested for their multilineage poten-
tials. Chondrogenic assay: Cells (n¼2.5105) were pellet cultured for 21
days in chondrogenic medium. Pellets were assessed macroscopically and
stained with Alcian blue/nuclear fast red. Osteogenic assay: Cells
(n¼1.0105) were cultured as pellets for 21 days in osteogenic medium
and evaluated with a micro-CT and stained with von Kossa. Adipogenic
assay: Cells (n¼1.0105) were monolayer-cultured for 14 days in adipo-
genic medium and stained for Oil Red O.
Results: Meniscus tissue showed more positive immunohistochemical
staining for CD34 and CD146 in the periphery than in the inner(Fig.1a).
FACS analysis were showed in Fig.1b and c. Chondrogenesis: The pellet size
of P34 showed bigger than I34. Both pellets were stained with Alcian blue.
Osteogenesis: Bone volume from P34 pellets was signiﬁcantly larger than
in I34 pellets (P <0.05). P34 cells displayed more positive staining of von
Kossa compared to I34 cells (P <0.05). Adipogenesis: Oil red O staining
demonstrated that P34l cells showed more characteristic lipid droplets
compared to I34 (P <0.05).
Conclusions: Our study showed that CD34 and CD146 positive cells were
found more prevalent in the peripheral region than in the inner region,
moreover CD34 positive cells from the peripheral region have potential for
multilineage differentiation. These ﬁnding suggested that these pop-
ulations exhibit stem cell characteristics and may contribute to meniscal
regeneration, moreover it may provide important clinical insight for
meniscal repair.
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IMPAIRED HEALING OF ANTERIOR CRUCIATE LIGAMENT CORRELATES
WITH KININS EXPRESSION
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Purpose: ACL is the most frequently injured ligament of the knee, with
over 100,000 reconstructions performed annually. Reconstruction of
injured ligaments is still a problem. The discovery that cartilage can make
products of the kinin-kallikrein pathway and its receptors suggests that it
can not only respond to products of the pathway but initiate thisinﬂammatory process in the joint by providing bradykinin (BK). An
understanding of the process of ACL healing evolves, new markers will be
indentiﬁed that will be accurate measures of this process. The purpose of
the study was to deﬁne the levels of serum markers C1, 2C, C2C (cartilage
degradation), CPII, CS846 (cartilage formation), natural (IgA, IgM, IgG)
antibodies against BK (healing of ACL) in a cohort of patients before and
after ACL reconstruction and compare them to matched, uninjured
controls.
Methods: Patients undergoing ACL reconstruction were matched with
uninjured controls of similar age, sex, and BMI. Serum drawn upon entry to
USMA and prior to graduation from both groups were tested ELISA kits
(IBEX, Inc, Montreal, CA). In order to quantify NA to BK in the sera, were
designed, synthesized and then used to develop a novel ELISA kits (INR).
Results: Different classes of NA (IgM, IgG, IgA) against BK were detected
with our ELISA protocol in the sera of ACL patients as well as in the sera of
controls. There was no signiﬁcant difference in binding of serum BK-IgA
and BK-IgG levels in ACL patients in comparison with that in controls.
Serum BK-IgM levels is elevated in patients after ACL reconstruction and
correlate with individual and composite measures of the healing activity.
There were signiﬁcant differences (p<0.05) in the C2C and CPII levels
between groups pre-injury, but not the C1, 2C and CS846 levels. Therewere
signiﬁcant differences (p<0.05) in the C1, 2C, C2C, and CPII levels between
groups in the post-reconstruction state, but not for CS846. Comparing
within group changes, all markers were signiﬁcantly different over time
(p<0.05) in both groups except for the controls C1, 2C and ACL injured
CS846. Signiﬁcant group by time interactions were observed (p<0.05) for
C2C and CS846. Elevated BK-IgM in the sera was signiﬁcantly correlated
with C2C (r¼0.85; p<0.0001) and CII (r¼0.69; p<0.0003) in ACL patients
in the post-reconstruction state.
Conclusions: The process of ACL healing is highly complex, but is slowly
starting to become more well deﬁned. Kinins can stimulate the upregu-
lation and production of cartilage after ACL reconstruction. A signiﬁcant
relationship was found between the examined markers of cartilage
formation and degradation and the dynamic change of serum levels of
kinins after ACL reconstruction. The difference in BK-IgM, CPII and C2C
levels in the pre-injury state suggests that there may be differences in
cartilage metabolism of individuals at risk for ACL tear. Signiﬁcant changes
over time were observed in kinins markers in the ACL-injured group and
further study is warranted into the prognostic capabilities of these mar-
kers.
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THE ROLE OF MUSCLE SPINDLES IN PROPRIOCEPTIVE ACUITY AT THE
KNEE, ANKLE AND ELBOW IN INDIVIDUALS WITH KNEE
OSTEOARTHRITIS
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Purpose: This study aimed to investigate: 1) whether muscle spindle
function (a major contributor to proprioception) is abnormal in indi-
viduals with knee OA, and 2) if joint repositioning accuracy is affected at
other lower and upper limb joints. Although evidence of proprioceptive
impairments associated with knee OA is somewhat equivocal, many
studies indicated impaired proprioceptive acuity at the knee and at other
joints in individuals with knee OA. However, there has been little
investigation of the underlying causes of the proprioceptive impair-
ments. Muscle spindle activity provides one of the most important
contributions to perception of joint position and movement, and the
central processing of muscle spindle afferent input is integral to optimal
proprioception. Muscle spindle function may be compromised in indi-
viduals with knee OA given issues such as changes to quadriceps muscle
mass. It is possible to probe muscle spindle function in OA by evaluating
the effect of perturbing their function. Vibration (60 Hz) over muscle
provides a potent perturbation and generates illusions of movement.
Joint repositioning accuracy is commonly used to assess proprioceptive
acuity in individuals with knee OA. It was hypothesised the effect of
muscle vibration on joint repositioning accuracy in individuals with knee
OA would be muted compared with a control group as a result of muscle
spindle dysfunction.
